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'SOME FLIGHT MEASUREﬁENTS OF PRESSURE DISTBIbUTION
DURING TAIL BUFFETING
By John Boshar

SUMMARY

Resultas are nresented of pressure-distribution
measuremenis taken over the horlzontel tall surfaces of
a Curtiss P-/jOK airplene during several low-speed pull-
ups to abrupt stall in which tall buffeting was exper-
lenced.,

The results indlicete 1n general that the chordwise
load distributlons obtained durling vuffeting are of the
type usually associated with angle-of-attack changes.

In the early purt of the stall the center of buffeting is
concentrated on the inboard sections of the tall while
after the stall has spread spanwise on the wing the whole
taill 1s enveloped. The average value of the increment 1n
the tall normal-force coefflclent due to buffeting was
+0.25. The frequency of the pre-stall disturbences and
those after the stall differ; both fluctuatlions appeear
regular enough to promote resonant conditions if the taeill
were of the proper frequency.

INTRODUCTION

One aspect of the buffeting phenomenon about which
the designer of the alrplane structure has conslderable
concsrn 18 the effect of the magnitude and distribution
of the buffet load increment on the deslign of the hori-
zontal tall surfaces. Although a breakdown of flow over
the wing may be experlenced at many pointa of the flight
envelope (reference 1), buffeting which occurs at the
upper left-hand corner of the V-n dlagram has recseived
more attentlion from the tall loads viewpolnt because here
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the buffet increment superimposee on' an &already high
quasl-static balance load. Tall load measuremsnts during
abrupt stalls at low speeds and acceleratlons have besen
reported 1n reference 2, but the chordwise and spammwise
distributions of loed which would bte alds to the under-
stending of the mechanlcs of the buffetlng nave not been
determined.

During an investligation of tall loads belng conducted
for the Alr Technical Service Command on a Curtiss P-LOK
airplane, some pressure measuremonts were recorded during
low-speed maneuvers 1in which severe tail buf'feting occurred.
These maneuvers were inclildentel to ons of the phases of
the test program, and not for en Investlgstl:»n of the buffet
phenomenon as such; however, the Znstruments alrsady in
the airplane werse such that both chordwise and spanwise
distributlions of the bpulfeting load lncrements over the
horizontal tall could be devermlned.

fccordingly, this psper wresents the results of both
chordwise end spanwlse distributlions of pressure over the
horizontal tall surfaces during two abrupt stells and
1solated pressure measurements et four orifices during
two snaprolls.

APPARATUS

Llrplene.- A three-view Ilne drasing of the Curtiss
P-LjOK alrplane used in the tects including a list of sone
of its gsometric characterlistics i1s shown 1n figare 1.

The horlzontal teil surfaces of the airplans were eyulpned
wlth a number of orifices lnstalled onposite each other

to measure differential pressures between the up-er and
lower surfaces.

Pressure-measurlng apneratus.~ The lnstrumentetion
for measuring pressures cons.sted of* manometers which
measured the pressure distripbution during tvo of the ruas
end some epeclal pressure cells wnich were used to obtain
expanded records of pressures at four oriflces cdurling the
othser two runs.

The pressure-distrloution measvrements were obtsined
at six spsnwlse stations on the right side of the tall and
at one midspan statlon on the left side at the oriflce
locetlons shown 1n figure 2., The variation ol pressure
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with time for each orifilice '‘was photographiceally recorded
on a film whose travei was approximately 1/ inch per
second. The individuel manometer cells are so constructed
that they have a volume of approximately 0.3 cublc inch.
on the pressure side aad about 1.2 cublc inches on the.
static side. The tubing connecting orifices and cells

was of 5/32 inch inside dismeter and verised in length from
6 to 12 feet so that the volume in the pressure lines
varied from 1.7 cubic inches to 3.l cubic inches. 1In general,
the tubing golng to tne upper and lower surt'aces were of
the same length for each oriflce.

In the runs during which the expanded pressure records
were obtalned, the orifices used were chosen on the basils
that they were good lndlces of the loads on the tall sur-
feces in unstalled maneuvers. These four orlfices are
shown circled in flgure 2. Prezsure cells wers used which

hed a film speed travel of .%% inzhes per second, rmuch higher

than the speed the preessure-~-distribution apraratus was
capable of. The presspure cells were plasced in the tall cone
of the fuselege to obtein a minirnum of lag and the pressure
llnes connecting each orlflce were balanced.

Miscellaneous 1lnstiruments.- Durlng the tests stvandard
N&CA Iinstruments were used to record the followlng gquan-
titles agalnst time: the alrspeed, elewator and rudder
control positions, elevator stlcl force, nurmal acceleration,
and the anguler velocitles 1n piteh, roll, und yaw. A4
timer was connected into the circuits of all instrumvnts
to synchronlze the reccrds.

T=STS

The tests reported herein conslisted of four runs per-
formed from nower-on steady flight at a pressure altitude
of 10,000 feet. Runsa 1 &nd 2 were symmetrical pull-ups to
sbrupt stalls at indicated speeds of about 110 and 160
miles per hour. Runs % and L were snaprolls to the right
end left, respectively, each at a speed of 135 mlles par
hiour,



N MR No. L5J06
METHOD AND RESULTS

The basic flight data are shown in flgure % for the
symmetrical pull-ups and in figure |, for the snaprolls.

Symmetrical stalls.~ For each of the symmetrical
stalls approximutely 50 pressure values were read for each
of the 75 orifices. The first two lines of figure 5 show,
to actual slgze, typlcal pressure records obtalned from a
spanwise llne of slix oriflces located at anproximately
30 percent of the chord. Since each trece had a different
calibration the relative magnitude of the pressure change
at the varlous vnolnts cennot be Judged from the figure alone.
Also on flgiire 5 are shown enlargements of & pressure record
from eacn run with circles to 1identify the polnts at which
the pressures were read, The breaks in the record every
0.1 second permlt a more accurate time correlation for such
cramed records than would have been possible wilth an unin-
terrupted record. Notwlthstandlng the breaks in the pressure
records, during the time perliod in which the trace lights
were on most of the maximum pressure values were recorded
as evldenced by the doubling up on the already exnosed
record shown by the brighter spots at the peeks.

The »pressure values on the vearlous orifices on the tall
appeared to reach thelr peaks at the same time. For each of
the times corresponding to those of the clrcled polnts in
figure 5, the chordwlse rressure dlstrlibutlon was plotted
for the &lx rlbs on the right horizontal tall and the one
central rlb on the left side. Chordwise pressure distri-
butions for runs 1 and 2 are shown in the lsometric views of
figures 6 and 7. Becsuse of the width of the record lines,
the times at which the peak values occur cennot be deter-
mined closer than approximately 0.05 second. The plots
therefore renresent the maxlmum and mlnimum values of
pressure dlstridution occurring in this intervel. For esach
tlme at which the pealrs were read the chordwise pressure
distributions were lntegrated to obtaln the rib normal-
force coefflclient.

Since a continuoue variatlion of normal-force coefficient
with time could not be shown bscause of the timer interrup-
tion und cramped record, 1t seemed advisable to show the
meximur and minirmm »olnts only and dlsregard seconiary
oscillations that were recorded. PFurther, in order to
avoid & conlfuslion of polnts, the maxirum and minimum velues
for sach 0.l-second interval were connected. nown in thils
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manner 18 tne varlation of the normal-force coefflclents

on eech ridb versus time, figure 8, and the varietion of the
total normal-force coefficlent on the right horizontal tsil
versus time, figure 9§, The maximm &nd minimum vealues ehown
by the bars on these figures represent values of Cye

Snaprolls.~ The varistion with time of the differential
pressures .recorded at four orifices during the snaprolls
are shown In figure 10, The traces for these cells are
shown without &an ordlnate scale, since the callbration curves
were linear and because only the magnitucde of the btuffet
relstive to the meen value 1s of interest. In the cease of
flgure 10 the cellbration factora esre approximstely the
same for &ll the curves so that the relative pressures cen
be noted from the deflections,

ACCURACY OF R=SULTS

The eriors which are Importint to the results proe-
sented herein ars considered toc be those which would effect
the dlastripbution of the loads rather then thslir actusl values,

One of the posslble causes of error 1n the Adlstri-
bution 1s the variablllity in the amount of resonance
magnification experienced by the several orifice-tublng-cell
combinations. Figure 1l shows tynical curves of the
relation between the maximum pressure recorded and ths
frequency of an lmpressed sinuscldel pressure for varilous
lengths of ‘tubing (from results of unpublished laborstory tests:
on various tubing-orifice configurations). Unfortunately,
because of differences in the orifice~tublng conflguratlons
that were used end the assumption of regular sinusoildsal
.pressure oscllletlons, the curves of figure 1l can only bs
used to indlcate the possible order of magnltude and the
direction of the errors in the recorded pressures. Mo
correction of the data was attemptsed.

So far as the dlstributlons are concerned, it 1is
believed that for the range of fraquencles of the test
condltion, differences in the amount of .resonance for
various orifice~tube-cell systems would have resasongbly
small effect. The source of error in the distributions due
to a pressure lag difference for the various tube lengths
1s negligible since, within the range of lengths used, the
differences in length are not great and the tubes have
about the same amount of constriction,
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The magnification of the total loads may be as high
as 25 percent for regular pressure fluctuatlons. The
posslible error in total load resulting from reaZing records,
fairing and Integrating pressure curves, etc., 18 estimeted
to be T |} percent.

DISCUSS ION

In evaluating the distributions and magnitudes of the
tall loeds 1n buffeting, it 1s lmportant to conslder the
emount of stall experienced by the wing. The buffeting
experienced by the tall may range from the desirablc mild
buffet due to incipient flow sepseration, which warns of the
epproach of stall, to the severe snukling assoclated with the
gbrunpt w#ing flow breakdosn st the wmarximum 1lift. A number of
items in the flight records of figures 3 and || show that the
meneuvers were performed 1ln such manner that protably maximum
flow breskdown was obtalned; namely, the pltching velocity
exceeded 1 radien psr second, &and a very shrupt flow brsakdown
on the wings 1s 1indilcated by the sharpy drop In the acceler-
ometer records.

The chordwlise pressure distributions shosn 1n
figures 6 and 7 indicate that Auring the ouffeting the
chordwise dlstrlibutlons 2f pressure are, 1ln genersl, qulte
regular and are of the type that would normally be assoclated
wlth angle-of-attack changes,

Indications of the effect of buffeting on the span
load distributions may be obtained T'rom the results shown in
figure 8 where it will be noted that immediately after the
stall In symmetrical pull-ups the increments in the
normal-force coefficlents over the inboard ribs are greater
than those over the outboard sections. These are shown
pictorially in the isometric -Hlots of flsures 6 and 7,
Later, after the stall develops, the outboard sections also
experience high buffet increments, presumably due to an
outboard shift of the center of stall at the wins, with the
result that the bending moment at tiie root of the horizontal
tail 1s approxzimaetely as ;jreat, near the end of run 2, as
at the time correspondinz; to peak acceleration when the taill
1s already carrying a balancing up load . (A movement of the
stall at t he wlng vrogressing outboard from the wing root
has been noted in tuft studles of an earlier model of this
alrplane.) Thus, the severlty of the buffeting from the
structural viewpolnt may be soverned not only by the
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vertical displacement of the tall from.the wlng.as shown
*n early studies of buffeting but also by the spanwise
location of the wing stall relative to the position of the
tip of the horizontal tall. .

The normal-force coefficients for the right horlzontal
teil (fig. 9) show that the buffetling causes an increment
in normal-force coefficient of approximately +0.25. It
must be remembered that this value of the buffet incremsni
was experienced at low speeds snd for high agles of attackr_

e =wressure records for the snaprolls (fig, 10}
indicate that the greater buffeting pressures are experlenced
on the part of the horizontael tail corresponding to the slde’
on which the wing has stalled. The much higher buffeting
increment recorded during run l corresponds to a more violent
stall ss indicated by the more abrupt break 1ln the acceler-
ounetsr record and the character of the record showing the
rolling veloclity.

The initlsl pressure increments of high magnl tude
shown in figure 10 for orifices Cgr-3 &and Dgr-5 1in run 3

and Cyp-5 in run I presumaply are the result of a direct angle-
of-attack change csused by the passage of the first shed
vortex &ssoclated with the flow breakdown at the vilng.

Simllar results are indlcaeted 11 the records of runs 1 and 2,
where it will be noted thai the sharp increases 1n pressure
corresponi to the sudden bresk 1n the accelsrometer records,

The extended pressure records of figure 10 sre useful
in indlcating the frequency of the subsequent buffeting.
However, since there seems to be no correspondence between
the lelft and right sldes during the roll maneuvers the
frequency of the wing dlsturbance would seem to be more
accurately noted from pressure records of orifices on the
same side of the ailrplane as that on which the stall occurred.

Reference to the extendsd pressure records shown in
figure 10, in particular for run l;, shows small. amplitude
pressure fluctuations which occur prior to the stall and
whose fregquencles differ from those of the buffet alfter
the stall. These suggest the possibility that a tall
surface could be set into resonance by the preliminary flow
disturbance so that the lnitial buffet flow would hit a
vibrating surface.
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Detailed examination of the results glven in figures
5 end 10 indlcate that, although the fluctuations &re
Irregular in-character for any particular orifice, the
same fluctuatlons appear to be experlsnced simultaneoualy’
at all orifices slong the semlspan even so far as the
sccondary osclllations are concerned. However, 1lnsofar as
posslble resonsnce 1s concerned, the large pressure
fluctuations are more Importent than the smaller ones. The
regularity of these changes, a&s shown in figure 10
oriflces Cr-3 &and Dg-3 in run 3 and Cp-3 in run 4,

Indlcate the possibllity or resonance with high resulting
stresses.

On the basis of the test results presented, little
can be seald of the wing wake fregquency 1ln a general manner,
The Strouhel numbers were computed, however, for the
two runs for which the frequencies could be determined

(runs 3 &nd ). The 3trouhal number (S = Qf; where

f = #4ing wake frequency; d, the dimenslon o¥ the bedy per-
pendiculer to the air flow (equal to ¢ sin a ); and V, the
flow velcclty) has been established as a criterion which
connects the freguency of the shed vortices with the wvealocity.
For runs % and li, considering the predominant proessurs peaks
for the first 1/2 second, the frequencles were approx-
imetely 15 and 1l cycles per second, resnectively. The
wing chord at the sectlon from which the disturbance
orlglnated was tsken to be 7.0 fest and the angle of attack,
a was assumed to be that corresponding to the maximum
acceleration. Strouhal numbers of approximately 0.25 and
0.%30 were computed for run 3 and run /l, respectively. '

Abdrashitov, in a comprehensive survey of the tall
buffeting problem (reference 3) reports Strouvhsal numbsars
determined in wind tunnel tests of 0.15 for plates end airfolls
at high asngles of attack. (In a recent ps er Kraywcblockl
conclades that the Strouhal number 1s not a constant in
general but that it 1s a counstant at nhlgh angles of attack,
(reference 4 ).

The evident disagreement between the Strouhal number
obtained in the flight tests with those obtaired with
plain wings tested in wind tunnels 1s probably to bs
expected becauss of differences in the Reynolds nunmkers,
the downstreem pcsltlons of the polnts of msasuremens, and
becrause of the transient character of the flow changes
in flight.
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quGLUSIONs

The following conclusions may be drewn from the
results:

l, The changes in chordwlse pressure distribution
during the buffeting were, in general, of the type that
would be assoclated with an angle-of-attack change.

2, In symmetrical pull-ups, at the beglinning of the
stall the greatest huffet intensity 1s located at the root
of the tall surface but after the stall has developed
spanwise on the wing the whole taill is enveloped by the
buffet.

3. The average value of the increment in the tail
normal-force coefficlent due to buffeting was f0.25.

li. The frequency of the pre-stall disturbances and
those after the wilng stall differ; both fluctuations anpear
regular enough to promote resonance if the tall were of the
proper frequency.

Ienzler Mamoricl Asronauticel Lanoratory
vetlonal Advisory Comxltteoc for icronsutics
Langler Field, Va.
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Alrplane characleristics

W/ng Veriical rail surface
rea 236sqlt Tolalarea 229sa1%
Span 37229/1 Heght above fuselage . 36711
MAC (Y-44 Finoreaffesstarngarea) - 9/85¢/1.
! Roolchord grt Rudderarea(mcluing [9¢sg/f o .
Sectionatroot  NACAZZ/D balance and I5sghidiat) 1374 sqft
Section al fp NACA 2209 Dystance from root LEW. /o rudder
Anglefo hrust ine | deg. . hunge line 1 20/317.
Dihedral 6 deg. Fimn offset ‘0 d7.
Aspect rato J9 Fin exfenswon M
, Engine _ Horizonral fai! surface
Type Allison V-1710-F4R Tofel area 48.3seft
Normadl power at 080011 /000ho- Span 27911
Propelfer gear ratie 2:1 Stabilizer area(including 3.543¢f1,
— ) — Propeller diameter 1111, of fuselage) L sespft
. Elevalor area(including3.8sgf* of
Flight gperanon balance and 164 saflof fob) 1744 s
Average weight in Flight 8200 /b, Distance framroot LEW to elevalor
Average CG.postton. 29.5SMAC hinge /e 200 /¢
Stabilizer set abovelhrustiine 2dkg.
<:j<7k:=> Horizontal ol obove fuselope cenfer
' e 150 1+
MMax. -elevotor aeflectron  J&'up

Figure = Three-view drowirky and geomerric CHoraerensies o arplane used i1 tests (P-40K) .
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ANore :

Brokarn hnes indicate that orifices ore
located on anly ovie side of fai surface

e ?qmr surface
———- /Jowar surfoce

£ levator hinge line

i 37°

O Orfrces corvected fo cells with high film
soead, runs 3 and 4 .

Horrzorita! 7o/
4 /1213 (#1516l 71819 o/ 2[5
A, B35 | 22[982/.0290W5816/ [ 1678|753 1604|870
Ae, 15725 . 1/ 158516/ 1 |676| 7291790
B. 5| 44 /7. 9l 71579 )

_ 6,38 2 74
Ce 01 591//8 124 513821505158 3167 7|75 .99326?3.0

0. 45 | 681241227354 156|% 216357/ 9|8/ 51922

Ea /95 55|56.5\620746\83/ 1948
G kooln4|28814231038 835|9.
C ool 5417781245 1505 158.3163.7175.5165.41937109./

* Locofion 11 per cent chord from Jeoding edge . coaTIRE o ascmrcs

Figure 2 ~Location of orifices af which pressures were recorded
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Figure 5.'- Photographs of typical pressure records and enlargement showing
time at which values were read for runs 1 and 2.
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